shows similar affinity for LDL as compared to the wildtype extracellular domain [with the use of a platebinding assay similar to (15) ]. Secreted carboxyl-terminally His-tagged protein was purified by Ni affinity chromatography [in 25 mM sodium phosphate ( pH ϭ 8) and 500 mM NaCl, eluted with 500 mM imidazole], Mono Q [25 mM sodium phosphate ( pH ϭ 8) and 100 mM NaCl, eluted with NaCl], and gel filtration on a Superdex-200 column [25 mM sodium phosphate (pH ϭ 8), 150 mM NaCl] and then crystallized out of precipitate (space group P3 1 21) with 50 mM sodium acetate ( pH ϭ 5.3), 3% 1,2 hexanediol, and 0.5 mM CaCl 2 . The crystals contained one molecule in the asymmetric unit and 74% solvent. Micromolar amounts of sodium 12-tungstophosphate were soaked into crystals to prepare for the multiwavelength anomalous diffraction (MAD) experiment. The crystals cracked upon soaking and were radiation sensitive, so hundreds had to be screened for isomorphous pieces suitable for data collection under cryogenic conditions. 29. The structure was determined with MAD techniques.
Diffraction data were collected at Advanced Light Source (ALS) (5.0.2 and 8.2.1) and Advanced Photon Source (APS) . The data were processed with MOSFLM (42) and SCALA (43) or HKL2000 (44) , followed by programs from the CCP4 suite (43) and SHARP (45) for the structure determination. Data collected at the peak, inflection, and high-energy remote wavelengths have high merging statistics as a consequence of the large anomalous signal. This was confirmed by analyzing non-Bijvoet merged data as well as by data collected at the low-energy remote wavelength. The cluster sites were derived from anomalous difference Pattersons with the use of peak data and confirmed by anomalous difference Fourier techniques with the use of molecular replacement phases obtained from the correctly positioned model pdb:1IJQ (5) done by CNS (46) . The tungsten positions in the cluster were modeled on the basis of the small molecule structure (47) . Experimental density-modified phases (with no model contribution or data sharpening) provided an electron density sufficient to fit the polypeptide trace for each module unambiguously. All the modules of the extracellular domain are visible except for R1 amino- We report the direct observation of dioxygen molecules physisorbed in the nanochannels of a microporous copper coordination polymer by the MEM (maximum entropy method)/Rietveld method, using in situ high-resolution synchrotron x-ray powder diffraction measurements. The obtained MEM electron density revealed that van der Waals dimers of physisorbed O 2 locate in the middle of nanochannels and form a one-dimensional ladder structure aligned to the host channel structure. The observed O-O stretching Raman band and magnetic susceptibilities are characteristic of the confined O 2 molecules in one-dimensional nanochannels of CPL-1 (coordination polymer 1 with pillared layer structure).
The confinement of molecules into lowdimensional nanospace may alter their properties and reactivity, especially in the case of O 2 molecules, which have rich redox and magnetic properties arising from their unpaired electrons (1, 2). In spite of many experimental and theoretical investigations, the adsorption mechanism and ordering state of adsorbed O 2 molecules that form a specific array in nanochannels are not yet clear (3, 4) . In the past decade, various novel nanochannel structures constructed with metal-organic frameworks have been produced and studied with regard to their adsorption performance with various gas molecules (5) (6) (7) (8) . If the gas molecules could be trapped in mid-channel, low-dimensional nanostructures could be designed, depending on the host channel structure. Our strategy to elucidate the specific structure of O 2 molecules adsorbed in nanochannels uses a crystalline microporous copper coordination polymer that forms a uniform nanosized one-dimensional (1D) channel. We obtained accurate powder x-ray diffraction (XRD) data by synchrotron powder diffraction with a large Debye-Scherrer camera and were able to image the diffraction data by the MEM (maximum entropy method)/Rietveld method, which enabled us to determine a precise electron density map (9-12).
The 3D structure of the porous Cu(II) coordination polymer, which we determined previously with single-crystal diffraction data (13) , is shown in Fig. 1 . A 2D sheet constructed by Cu(II) and pzdc (2,3-pyrazinedicarboxylate) were linked by pyz ( pyrazine) to form a pillared layer structure, which we call CPL-1 (coordination polymer 1 with pillared layer structure). 1D channels with dimensions of 4.0 Å by 6.0 Å formed between the 2D sheets along the a axis, with one water molecule being included per Cu(II) ion.
In order to adsorb O 2 molecules into the nanochannels, we heated CPL-1 under reduced pressure to remove water molecules from the channels, and then dosed CPL-1 with O 2 gas while cooling. The in situ powder XRD patterns of as-synthesized CPL-1 and of anhydrous CPL-1 with O 2 at 80 kPa over the temperature range from 300 to 90 K are shown in Fig. 2 . The changes can be categorized into three stages: (i) after heating under reduced pressure to remove water molecules; (ii) during the cooling process, between 130 and 150 K; and (iii) after the reheating process from 90 to 300 K. No change was observed in the absence of O 2 over the full temperature range. LeBail fitting of the powder diffraction data of Fig. 2 revealed a cell volume contraction at (i), expansion at (ii), and recontraction at (iii). We attribute these changes to structure distortion arising from framework flexibility, which is triggered by (i) desorption of water molecules and then the (ii) adsorption and (iii) desorption of O 2 molecules (14) .
The crystal structure of anhydrous CPL-1 at 120 K without O 2 molecules determined by Rietveld analysis of the powder data up to 53.3°(d Ͼ 0.89 Å) reveals that the porous structure was identical to that of as-synthesized CPL-1, with only slight structure distortions (15) . The MEM electron density distribution map of the anhydrous CPL-1 (Fig. 3A) , whose reliability factor based on structure factors, R F , is 1.6%, shows that no water molecules exist in the nanochannel (16, 17 ) .
The space group of the anhydrous CPL-1 with O 2 at a pressure of 80 kPa at 90 K (Fig. 2G) is assigned as the same space group, P2 1 /c, as CPL-1 without O 2 . The cell parameters were determined as a ϭ 4.68759(4) Å, b ϭ 20.4373(2) Å, c ϭ 10.9484(1) Å, and ␤ ϭ 96.9480(6)°by Rietveld analysis. As the preliminary model, we used the same structure model corresponding to Fig. 3A for CPL-1 without O 2 , in the pre-Rietveld analysis for the MEM/Rietveld analysis. The reliability factors based on the powder pattern, R wp , and the integrated intensities, R I , were 18.5 and 54.2%, respectively. However, the MEM electron density visualized the O 2 density feature in the middle of the nanochannel. After a revision based on the electron density, the Rietveld refinement dramatically improved, and the R wp and R I of the final Rietveld fitting became 2.1 and 3.9%, respectively. The final electron densities, obtained by MEM whose reliability factor, R F , was 1.5%, reveal the 3D pillared-layer structure, consistent with the single-crystal data (Fig. 3B) .
The peanut-shaped electron densities, which are presumably due to O 2 molecules, are clearly recognized in the middle of the channels. There is a total of 15.8 (1) This freezing behavior should be attributed to the strong confinement effect of the nanochannel. The overall crystal structure and geometry of O 2 molecules, based on the above analysis, are represented in Fig.  4 . Two O 2 molecules align parallel to each other along the a axis with an inclination of 11.8°, and the intermolecular distance is 3.28(4) Å, which is much smaller than the minimum of the Lennard-Jones potential of R e ϭ 3.9 Å (19). This intermolecular distance is close to the nearest distance in solid ␣-O 2 , which is stable below 24 K. This result indicates that O 2 molecules adsorbed in nanochannels form van der Waals dimers, (O 2 ) 2 , and their successful structural characterization has now been reported. Each dimer aligns along the a axis to form a 1D ladderlike structure. The interatomic distance of oxygen atoms in the adsorbed O 2 molecule was found to be 1.245(50) Å.
In order to investigate the properties of adsorbed O 2 molecules, magnetic susceptibilities and Raman spectroscopic measurement were performed. The susceptibility for adsorbed O 2 molecules, which is the difference in those between CPL-1 with O 2 and CPL-1 without O 2 , approaches zero with decreasing temperature, indicating a nonmagnetic ground state (Fig. 5) . Correspondingly, in the high-field magnetization process, the difference between CPL-1 with and without O 2 can be observed above 50 T (Fig. 5, inset) . The magnetization process of CPL-1 is a paramagnetic curve with a saturated moment of 1 bohr magneton for a Cu atom, which can be expected for the usual magnetic Cu ion. The CPL-1 with O 2 shows a small difference in the low-field region but a steep increase above 50 T, indicating a magnetic transition from the nonmagnetic to the magnetic state. This magnetization process can be understood as a behavior of the antiferromagnetic dimer or the 1D antiferromagnetic chain with bond alternation. On the basis of structural information about the adsorbed O 2 molecule in CPL-1, the nonmagnetic ground state is associated with the antiferromagnetic dimer. The antiferromagnetic interaction (Ᏼ ϭ -2JS 1 S 2 ) is estimated as J/k B ϳ -50 K, which is larger than that of the ␣ phase of J/k B ϳ -30 K (20) . Figure 6 shows Raman spectra of CPL-1 around 90 K with and without O 2 molecules. A sharp peak due to the stretching mode of adsorbed O 2 molecules is observed at 1561 cm
Ϫ1
, which is slightly higher than that of liquid or solid oxygen at ambient pressure (21), comparable with that of ␣ phase at a pressure of 2 GPa. The confinement effect and the restricted geometry resulting from 1D nanochannels of CPL-1 lead to a specific molecular assembly: a 1D ladder structure constructed of O 2 dimers, which is unlikely to be bulk fluid and/or solid. Spectrofluorimetric measurements on single-walled carbon nanotubes (SWNTs) isolated in aqueous surfactant suspensions have revealed distinct electronic absorption and emission transitions for more than 30 different semiconducting nanotube species. By combining these fluorimetric results with resonance Raman data, each optical transition has been mapped to a specific (n,m) nanotube structure. Optical spectroscopy can thereby be used to rapidly determine the detailed composition of bulk SWNT samples, providing distributions in both tube diameter and chiral angle. The measured transition frequencies differ substantially from simple theoretical predictions. These deviations may reflect combinations of trigonal warping and excitonic effects.
Many of the major challenges currently facing basic and applied research on SWNTs arise from the diversity of tube diameters and chiral angles in samples formed through any preparative method. Because the electronic and optical properties of nanotubes vary substantially with structure (1), these samples show mixed characteristics that hinder basic investigations and limit some of the most promising applications. The recent discovery of band-gap fluorescence from semiconducting SWNTs in aqueous micelle-like suspensions (2) opens the door to powerful experimental approaches that can extract the spectroscopic properties of specific tube structures through bulk measurements. We report such a spectrofluorimetric study, in which distinct first and second van Hove optical transitions are measured for 33 different nanotube species and then assigned to specific structures. Our findings provide a tool for analyzing the detailed composition of bulk nanotube samples, one that can be adapted to monitor and guide processes aimed at separating tubes by type. Figure 1A illustrates how each SWNT structure is indexed by two integers (n,m) that 1 Department of Chemistry, Center for Nanoscale Science and Technology, and Center for Biological and Environmental Nanotechnology, Rice University, 6100 Main Street, Houston, TX 77005, USA.
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